The genus Cynanchum (family Asclepiadaceae) comprises about 100 species [1] . Asclepiadaceous plants are mainly either tropical or subtropical (South America and South Africa) with only a few growing in temperate regions [2] . C. acutum is native to South Europe and is the only species in this genus mentioned in the Egyptian flora [3] . The plant is commonly distributed in the Nile valley, the Mediterranean coastal strip from El-Saloom to Rafah, and oases of the Libyan Desert. Cynanchum species were mentioned in folk medicine as an antitussive, expectorant [4] , antipyretic, diuretic [5] , hepatoprotectant [6] , anodyne, for the treatment of chronic tracheitis [7] and for cytotoxic activity [8, 9] . Flavonoids, coumarins [10, 11] , pregnanes, pregnane glycosides [7, 9, 12, 13] , steroids [5, 11, [14] [15] [16] [17] [18] , triterpenes [11, 19] , and alkaloids [8] have been reported earlier for Cynanchum species. Only two reports were found about C. acutum constituents [10, 11] . The present study aimed at the identification of the polyphenols from the leaves of C. acutum, as well as determination of the cytotoxic activity of the chloroform and methanol extracts of the leaves and major isolates (1-4, 6, 8-10) toward brine shrimp.
A total of 15 metabolites were isolated from the 80% methanol extract of C. acutum leaves using successive column chromatographic separations with polyamide, Sephadex and cellulose and different solvent systems, as described in the experimental section.
The structures of the isolates were established as three new acylated flavonol diglycosides (1-3), nine flavonol glycosides (4-12), a flavonol aglycone (13) [20] [21] [22] , coumarin (14) [10] and caffeic acid (15) [23] .
Compounds 1, 2 and 3, were expected to be quercetin isoferuloyl diglycosides on the basis of their chromatographic properties, UV spectra and acid hydrolysis. The negative HR ESI-MS of 1 exhibited a molecular ion peak at m/z 801. 6 , respectively in a 5,7-dihydroxy A-ring. Accordingly, the aglycone identity was proved to be quercetin 3-O-glycoside. Moreover, an AX-spin coupling system of two E-olefinic protons was observed at δ 7.44 (H-7"") and 6.24 (H-8"") (each, d, J = 15.9 Hz). In addition, the ABM system at δ 6.65 (d, J = 8.3 Hz), 6 .62 (d, J = 1.6 Hz) and 6.59 (dd, J = 8.3, 1.6 Hz) of H-5"", H-2"" and H-6"", together with a methoxy at 3.76 (s) were confirmative for an isoferuloyl moiety due to the downfield location of H-5'''' (~+0.2 ppm). The acid hydrolysis products and the presence of two anomeric proton doublets at δ 5.55 (J = 7.8 Hz) and 4.93 (J = 7.6 Hz) led us to identify the glycoside moiety as 3-O-β-Dglucopyranosyl (1'"→2") glucopyranoside.
This evidence was further confirmed by the downfield location of C-2" at δ 80.30, (~+7 ppm) [24] .
Additional evidence for the isoferuloyl moiety was obtained from the downfield shift of C-4"" (~+3 ppm) (Table 1 ) and the observation of the three bond correlation peak between the methoxy proton signal at δ 3.76 and the C-4"" signal at δ 150.11 in the HMBC spectrum. In addition, the attachment of the E-isoferuloyl group to C6"' was deduced from the characteristic downfield shift of both the H-6"' methylene protons and C-6"' and the upfield signal of C-5'" relative to those of unsubstituted glucose [25] [26] [27] [28] [29] , together with the long range correlation between this proton and the carbonyl carbon of the isoferuloyl group (165.89). The interglucosidic linkage was assigned as (1'"→2'') on the basis of the three bond correlation peak between H-1'" (δ 4.93) and C-2" (δ 80.30) in the HMBC spectrum. -, it showed also more or less the same chemical and physicochemical characteristics as 1, except for the NMR of the acyl part. In its 1 H NMR spectrum, the upfield AX spin coupling system at δ 7.42 and 6.23 for two vicinal olefinic protons had a characteristics J value (11.9 Hz) of a Z-isomer instead of the Eform in 1 [24, 32, 33] . This was further confirmed by 13 C NMR signals at δ 143.27 (C-7'''') and 116.65 (C-8'''') [24, 32, 33] . Thus, compound 2 was determined to be the 6'"-O-Z-isoferuloyl derivative of 1.
On the basis of HR ESI-MS analysis, compound 3 was found to have the same MF as 1 and 2. It showed very similar chromatographic behavior, and chemical and NMR spectral data to 1 and 2, except for the NMR spectroscopic data assignable to the inner sugar moiety. In its 13 C NMR spectrum, the large difference between the δ values of C3" and C-5" (~2 ppm) observed in 3 rather than in 1 and 2 (~1 ppm) [30, 31] was diagnostic of the presence of a galactose moiety as the inner sugar of compound 3. Very strong 1 H NMR spectroscopic evidence assigned H-4'' at δ 3.26 with a J-value of 3.4 Hz instead of 9.5 Hz in the case of glucose [31] ( Table 1) . Also, this difference was further confirmed by comparison of the sugar moieties resulting from acid hydrolysis of the three compounds. Thus compound 3 was determined to be quercetin
In the brine shrimp lethality bioassay of the chloroform and methanol extracts and compounds  1-4, 6, 8-10 , only the chloroform extract, and compounds 8 and 10 exhibited activity on brine shrimp larvae of Artemia salina with LC 50 values of 48.2, 305.1and 305.4, respectively. According to the standards of the National Cancer Institute (NCI), ED 50 values of ≤ 20 μg/mL for impure compounds are considered active [34] , so we assumed the median lethal concentration (LC50) as 200 ppm. According with this value, only the chloroform extract is toxic on A. salina, so further experiments to determine which compounds are present in the chloroform extract are planned. Finally, elution with MeOH gave rise to fraction VIII (5 L). Fractions I and II were found to be dark brown sugar material of no phenolic character. Fraction III (10%, 980 mg) was fractionated by column chromatography (CC) on Sephadex LH-20 with aqueous EtOH 25% for elution to give a pure sample of 4 (80 mg), which was a major component of fraction III. Three major dark purple spots were detected in fraction IV (10-40% MeOH, 994 mg), which was subjected to repeated CC on cellulose and Sephadex LH-20 with 20-60% aqueous MeOH as an eluent. This fractionation resulted in pure samples of 1 (48 mg), 2 (52 mg) and 3 (80 mg). Fraction V (3 g) was fractionated on a Sephadex column using 30-70% aqueous EtOH to give three main subfractions. Each subfraction was then separately chromatographed on Sephadex with MeOH for elution, whereby pure samples of 5 (28 mg), 6 (31 mg) and 7 (29 mg) were isolated. CC fractionation of fraction VI (2 g) on Sephadex with aqueous EtOH 80% yielded two subfractions. Compounds producing two dark purple spots were detected in the first subfraction, which were separated by CC fractionation on Sephadex using n-BuOH saturated with water for elution to give pure samples of compound 8 (30 mg) and 9 (500 mg). Repeated CC of the second subfraction on Sephadex with EtOH for elution, afforded pure samples of 14 (19 mg) and 15 (25 mg), both of which gave a blue colored spot under long wave UV light. Collective fraction VII (2.5 g), obtained with MeOH (60-80%), was subjected to cellulose CC (eluent : n-BuOHisopropanol-H 2 O, 4:1:5, top layer) giving two subfractions, which were, in turn, separated on a Sephadex column with EtOH for elution, to give pure samples of 10 (29 mg) and 11 (25 mg) . Finally, elution with MeOH gave rise to a mixture (850 mg) of two yellow compounds, separated by CC fractionation on Sephadex with EtOH as eluent, to give pure samples of 12 (30 mg) and aglycone 13 (80 mg). All separation processes were followed up by PC using Whatmann No. 1 paper with (S 1 ) n-BuOH-HOAc-H 2 O (4:1:5, top layer) and (S 2 ) 15% aqueous HOAc as solvent systems. All aglycons and sugars obtained by acid hydrolysis were also identified by TLC and PC with authentic samples, using the previously described solvent systems, in addition to (S 3 ) EtOAc-C 5 H 5 N-H 2 O, 12: 5: 4), and specific spray reagents (for example, vanillin-HCl, aniline hydrogen phthalate).
Brine shrimp lethality bioassay: Eggs of Artemia salina (Atremia Inc., California) were allowed to hatch into their larvae [38] . The chloroform and methanol extracts and pure isolated compounds (1) (2) (3) (4) 6, (8) (9) (10) were separately dissolved in distilled water to give four assay concentrations (1000, 500, 100 and 10 mg mL -1 ) (solubility was aided by Tween 80); each dose was examined in triplicate. Assays were performed in test tubes with ten larvae each and the final volumes were adjusted to 5mL sea salt solution immediately after adding the shrimp. After 24 h, the number of surviving shrimp at each dose was recorded. The LC 50 values were calculated by the use of the Instate computer program. 
Quercetin 3-O-(6'"-O-E-isoferuloyl)-sophoroside

